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Abstract 
Sorghum stalk juice preparation method is not yet fully explored and mainly still adopting those of cane juice. The suitability of 
pre-treatment to remove impurities and total phenolic compound to the growth rate of yeast in sorghum stalk juice, in aerobic and 
anaerobic fermentation needs to be evaluated. Process adopted for this research was liming method at 80 oC followed by addition 
of phosphoric acid. Liming method reduces juice turbidity to 82.43 % ± 0.50 % and gives specific growth rate (P of inoculated 
yeast of 0.38 h–1 (aerobic) and 0.17 h–1 (anaerobic). Other method evaluated was by addition of Poly-aluminium chloride (PAC), 
which gives higher juice clarity but negative impact to cell growth. The effect of total phenolic compound to the microbial 
growth was also studied. Phenolic compound was reduced through activated carbon absorption column. Reduction of 75 % total 
phenolic compound in sorghum stalk juice promotes yeast cell growth rate up to 10.5 % in aerobic condition compared to growth 
in clarified juice without phenolic compound reduction. 
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Nomenclature  
S substrate concentration, total reducing sugar (g · L–1) 
X  biomass concentration (g · L–1) 
P specific growth rate constant (h–1)   
PAC  poly-aluminium chloride 
h hour 
mo month 
1. Introduction 
The potential of sweet sorghum (Sorghum bicolor L.) stalk juice as raw material for bioethanol fermentation is 
well studied. Sorghum stalk juice is known to have high content of sugar (14 % to 20 %), and the fact that currently 
in many country including Indonesia, sorghum is not categorized as primary food source made sorghum stalk juice 
even more interesting  [1,2]. However, study is mainly focusing on the fermentation process, while sorghum stalk 
juice preparation method is not yet fully explored and mainly still adopting those of cane juice [3]. Clarification 
process commonly adopted from the sugar-cane processing is hot liming method [3]. Clarification process removes 
the suspended particles obtained from stalk processing and as residue after primary filtration. Clear media is not 
always necessary for fermentation; however, the suspended particles may cause problems to the growth of cell 
especially in aerobic condition. The turbidity will hinder the oxygen transfer that is necessary for aerobic operation. 
Aerobic condition is applied to initiate the microbial growth before switched to anaerobic condition where 
fermentation occurred. In fermentation, biomass production is controlled through turbidometry method; therefore 
turbid fermentation media may disturb the reading and decrease accuracy. Another problem in several type of sweet 
sorghum stalk juice is high concentration of dissolved phenolic compound [4]. This phenolic compound gives the 
signature red colour of sweet sorghum stalk juice. Phenolic compound of sorghum juice could be in the form of 
simple phenols, polyphenol, and phenolic acids produced by the plant as defence mechanism against pathogens and 
herbivores [5]. Phenolic compound may affect microbial metabolism and at certain concentration can act as 
antimicrobial compound [6]. The phenolic compound may have negative effect to the growth rate, as described by 
low specific growth rate constant in aerobic and anaerobic condition. Based on process model evaluation, increasing 
yeast growth rate will have significant impact on productivity of ethanol as growth related metabolite [3,7]. 
Combined with the fact that most non-genetically modified yeast can only produce bioethanol from 12 % to 14 %, 
slow growth rate in fermentation will lead to increased cost of production. This research explores the method 
suitable for preparation of sorghum stalk juice related to removal of impurities and its effect to the yeast growth on 
aerobic and anaerobic condition. 
2. Material and methods 
This research was conducted in two phase: evaluation of clarification method and phenolic content removal. The 
phase is described in Fig 1.  
 
 
 
 
 
 
 
 
 
 
Figure 1. Method for evaluation of clarification process and phenolic content removal to microbial growth in sorghum stalk juice 
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Sorghum stalk juice used is prepared from 4 mo to 6 mo old red sorghum (Sarottama Plantation, Indonesia). 
Sorghum stalk was cut, washed; air dried, and then extracted using roller mill press. Liquid extract from the stalk 
was filtered, pasteurized at 70 oC for 30 min (Hirayama HV50, Japan), then cooled and stored in -18 oC. Total 
reducing sugar analysed using DNS method and absorbance measured at 540 nm. Yeast Saccharomyces cerevisiae 
ATCC18824/ BTCC Y-34 (Biotechnology Research and Development Centre, Indonesian Science Institute, 
Indonesia) in slanted agar media was prepared as inoculum in nutrient broth enriched with 15 % glucose as media. 
Yeast cell is grown in Erlenmeyer flask containing sterilized 200 mL clarified sorghum juice in aerated and non-
aerated condition at temperature of 35 oC. Cell mass was measured by filtration method. Every 1 mL sample was 
taken at predetermined time, then filtered using filter paper with known mass and dried in oven at 105 oC until 
constant weight.  
 
2.1. Sorghum juice clarification 
Juice was clarified using liming method according to literature [3,8]. Excessive coarse quicklime, CaO 
(Bratachem, Indonesia) 100 g was mixed with 1 L distilled water. Saturated milk of lime (M.O.L) solution was 
filtered and stored for further use. Sorghum stalk juice was clarified by adding 30 % M.O.L solution to heated juice 
(80 oC) and mixed continuously. Phosphoric acid solution (Bratachem, Indonesia) was added to the hot mixture until 
the pH was 6.5, to ensure optimum pH for microbial growth on later stage. The mixture was settled in room 
temperature for 24 hour, and the clarified juice was separated from the solid floc by decantation.  
In other method, juice also clarified by addition of 10 % w/v poly-aluminium chloride (PAC) flocculants 
(Generic, Indonesia) without heating. The mixture was mixed rapidly and pH was adjusted to 6.5 using buffer 
solution. Solid floc formed by PAC addition was then settled for 24 h, and clarified juice was separated using 
decantation. Sorghum stalk juice turbidity in both method of clarification was evaluated by measuring the 
absorbance in 600 nm (GeneSys 10S, Thermo, USA).  
 
2.2. Phenolic content removal  
Total phenolic content of sorghum juice is analysed using Folin-Ciocalteau method. Gallic acid was used as 
standard. After addition of Folin-Ciocalteau reagent and incubation, absorbance was read at 760 nm. 
Phenolic content removal was done through absorption method using activated carbon (BDH, England), sets in a 
20 cm glass column. 200 ml of sorghum stalk juice was absorbed by the column with retention time of 120 minutes. 
The effect of phenolic content to microbial growth was evaluated on clarified sorghum juice at various phenolic 
concentrations, compared to clarified juice without absorption treatment as control. All measurement and sampling 
were done in triplicate.  
3. Results and discussion 
3.1 Sorghum juice clarification  
     Clarification is critical for oxygen transfer and monitoring of biomass production. Impurities are in the form of 
starch, suspended cellulose debris, and non-dissolved protein. Clarification using liming method produces solid 
matrix that trap suspended solid as larger particles, which then settled by the mean of gravity. The process was 
conducted in slightly higher temperature than previous study [9], as it was confirmed that best juice quality was 
obtained when liming were conducted at temperature of 76 oC to 100 oC. This liming process reduces the turbidity 
of sorghum stalk juice to 82.43 % ± 0.50 %, measured by reduction of absorbance at 600 nm. The clarified sorghum 
juice is slightly paler in colour, while small amount suspended particle is still observable at bottom part of container. 
These suspended particles could be removed further by decantation after settling for another 24 hour. The total 
turbidity reduction however, remains. Upon pH adjustment and sterilization the clarified sorghum juice was 
inoculated and cell growth at aerobic condition entered logarithmic phase in 4 hours with specific growth constant 
(P of 0.38 h–1. In anaerobic batch condition, the observable specific growth constant (P) is 0.17 h–1. Figure 2 
describes the cell growth kinetics in the media clarified using hot liming method and addition of PAC in aerobic 
condition. Total reducing sugar before clarification was measured at 71.35 g · L–1 to 69.55 g · L–1, while 
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measurement of total reducing sugar after clarification shows relatively small decrease at 70.75 g · L–1 to 68.65 g · 
L–1. Addition of PAC to sorghum juice reduced the turbidity to 93.12 % ± 0.50 %. The effectiveness of PAC in 
clarifying sorghum juice is found to be relatively similar with previous study on sugar cane juice [9,10]. This is 
mainly due to the similarity of insoluble impurities between sugar cane juice and sweet sorghum juice. In previous 
study involving pre-treatment of sugar cane juice, further process suggested may include filtration and carbonation 
[9]. In this research however, further treatment is deemed not necessary because the sweet sorghum is further treated 
as fermentation media, whereas in other study sugar cane juice is prepared for direct human consumption [11,12]. 
 
Figure 2. Aerobic microbial growth curve of S. cerevisiae in substrate clarified with hot liming method (); clarified with PAC (U);  
and the respective reducing sugar concentration, using hot liming method () and using PAC (°) 
 
From Fig 2, it could be observed that the different method of clarification gives different growth rate where 
growth is slower in substrate clarified using PAC, at the similar growth condition. In aerobic condition, the time 
needed for the microbial growth in PAC treated sorghum juice reaching similar concentration to the hot lime treated 
sorghum juice is 4 hour longer. As described in Fig 3, similar pattern of growth is also observable in anaerobic 
condition. The slower microbial growth in PAC treated sorghum juice may happen due to different concentration of 
trace element, which were trapped and removed when solid floc was formed. The removal of trace element may also 
result in lower yield of biomass (YX/S), compared to the growth of yeast in lime treated juice. The pH stability of 
media during microbial growth is also observed. PAC treated sorghum juice tend to drift to higher pH during the 
course of growth, although still within the range of growth pH of the yeast (6.5 to 7.0).  
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Figure 3. Anaerobic microbial growth curve of S. cerevisiae in substrate clarified with hot liming method ();  
clarified with PAC (U) 
 
Table 1 summarize the effect of hot liming and PAC pre-treatment to the microbial specific growth rate. From 
the evaluation, although highest clarity of juice is achieved using PAC, the impact to the cell growth is negative. It 
could be observed that liming process gives the optimum balance of juice clarity and cell growth, both in aerobic 
and anaerobic condition.   
 
Table 1. Effect of clarification process to microbial growth  
 
Clarification process 
Aerobic  
P (h–1) 
Anaerobic  
P (h–1) 
Turbidity reduction (%) 
Liming method 0.38 0.17 82.43 ± 0.50 
PAC  0.32 0.13 93.12 ± 0.50 
 
3.2 Phenolic content removal 
     It is also observable that addition of PAC resulting in change in colour from reddish brown to yellowish brown. 
This change however does not represent decrease of total phenolic compound. Total phenolic compound after 
clarification using PAC (0.96 g · L–1) was only slightly decreased compare to raw sorghum juice (1.11 g · L–1). 
Referring to previous study, colour change may happen due to oxidation of chlorophyll and soluble protein in the 
juice [13]. In this research, phenolic content removal evaluation was conducted only to lime treated sorghum juice 
which gives higher microbial growth rate constant. Total phenolic compound after absorbance using activated 
carbon is measured to be 0.03 g · L–1, or at 97 % phenolic content removed compared to the raw clarified juice. The 
importance of total phenolic compound removal could be observed in Table 2, presenting the comparison between 
growth coefficients at various phenolic concentrations. Table 2 indicates that total phenolic compound removal is a 
critical pre-treatment process for sorghum juice preparation; especially to be used as feed for bioethanol 
fermentation. It is observable that reducing 75 % phenolic content in sorghum juice could promotes the growth rate 
up to 10.5 %. At 75 % phenolic content removal (0.27 g · L–1 total phenolic concentration) the specific growth rate 
is not significantly different compared to growth at 97 % phenolic removal. This finding is important for designing 
the carbon absorption as pre-treatment process of sorghum stalk juice. The residence time in the carbon column 
could be minimized to ensure higher productivity, especially when continuous fermentation is in place.   
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Table 2. Effect of total phenolic compound in sorghum juice to microbial growth  
Total Phenolic concentration (g · L–1) % phenolic reduction Aerobic  
P (h–1) 
Anaerobic  
P (h–1) 
1.08 0 (control) 0.38 0.17 
0.82 25 % 0.39 0.17 
0.55 51 % 0.39 0.18 
0.27 75 % 0.41 0.19 
0.03 97 % 0.42 0.19 
4. Conclusion  
Process currently applied for clarification of sugar cane juice could be adopted as pre-treatment method for 
sorghum stalk juice to promote microbial growth. Clarified juice using quicklime and phosphoric acid addition gives 
higher microbial growth rate, describe as higher specific growth rate both in aerobic and anaerobic condition. 
Process with addition of PAC flocculants gives higher turbidity reduction (93.12 % ± 0.50 %) compared to liming 
method (82.43 % ± 0.50 %), however the specific growth rate is lower both in aerobic and anaerobic condition.  
Clarified sorghum stalk juice which was processed further to remove the phenolic content gives higher growth 
rate compared to clarified juice without phenolic content removal. Reduction of 75 % phenolic content increase up 
to 10.5 % increase in specific growth rate. Increase of specific growth rate will have significant impact to the 
productivity of overall fermentation process. This research findings could serve as base for incorporation of pre-
treatment process in further process design of bioethanol production process using sorghum stalk juice as feed. 
References 
[1]  Schaffert R. Development of cultivars for industrial processing/ ethanol production in Brazil. 2008. [Internet] Accessed on October 7th, 
2011 from: http://ars.usda.gov/meetings /Sorghum/presentation/schaffert.pdf 
[2] Supriyanto, Purwanto B. Pengembangan agroindustri bioetanol berbasis sorgum secara terpadu dan berkelanjutan [Development of 
integratedand sustainable sorghum based bioethanol agroindustry]. 2011. [Internet] Accessed on October 7th, 2011 from: : 
http://www.solex-un.net/repository/id/ecdv/CR4-RR1-ind.pdf [Bahasa Indonesia] 
[3] Andrzejewski B, Eggleston G, Powell R. Pilot plant clarification of sweet sorghum juice and evaporation of raw and clarified juices. Ind. 
Crops Prod. 2013; 49;648-658 
[4] Towo E, Matuschek E, Svanberg U. Fermentation and enzyme treatment of tannin sorghum gruels: effect on phenolic compounds, phytate, 
and in vitro accessible iron. Food Chem. 2006; 94; 369-376 
[5]  Chung I, Seo S, Ahn J, Kim S. Effect of processing, fermentation, and aging treatment to content and profile of phenolic compounds in 
soybean seed, soy curd and soy paste. Food Chem. 2011; 127; 960-967 
[6] Acosta-Estrada B, Gutierrez-Uribe J, Serna-Saldivar S. Bound phenolics in foods, a review. Food Chem. 2014; 152; 46-55 
[7] Laopaiboon L, Thanonkeo P, Jaisil P, Laopaiboon P. Ethanol production from sweet sorghum juice in batch and fed-batch fermentation by 
S. cerevisiae. World J. Microbiol. Biotechnol. 2007; 23; 1497-1501 
[8] Doherty W, Greenwood J, Pilaski D, Wright PG. The effect of liming conditions in juice clarification. Proc. Aust. Soc. Sugar cane 
Technol. 2002; 24 
[9] Doherty W, Fellows CM, Gorjian S, Senogles E, Cheung WH. Flocculation and sedimentation of cane sugar juice particles with cationic 
homo- and co-polymers. J. App. Polymer Sci. 2003; 90; 316-325 
[10] Pratti P, Moretti RH. Study of clarification process of sugar cane juice for consumption. Ciênc. Tecnol. Aliment. 2010; 30; 776-783 
[11] Kochergin V, Gaudet C, Robert M. A juice clarifier with turbulence reduction devices: results of first industrial trials. Proc. S. Afr. Sug. 
Technol. Ass. 2010; 83; 315-325 
[12] Suprihatin. Penjernihan nira tebu menggunakan membran ultrafiltrasi dengan sistem aliran silang. [Clarification of sugar cane juice using 
crossflow membrane ultrafiltration]. J. Ilmu Pertanian Indonesia. 2007; 12; 93-99 [Bahasa Indonesia] 
[13] Saska M, Zossi S, Liu H. Removal of colour in sugar cane juice clarification by defecation, sulfitation and carbonation. Inter. Sugar J; 
2010; 112; 258-266 
 
 
